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Structured abstract 
 
Purpose: To evaluate auditory perception in a group of older adults diagnosed with mild cognitive 
impairment (MCI).  
Method: A cross-sectional study of auditory perception in adults with MCI and adults with no docu-
mented cognitive issues and matched hearing sensitivity and age. Auditory perception was evaluated 
in both groups assessing for hearing sensitivity, speech in babble and temporal resolution.  
Results: Mann-Whitney test revealed significantly poorer scores for Speech-in-Babble (SinB) and 
temporal resolution abilities of MCIs vs normal controls for both ears. The right ear gap detection 
thresholds on the Gaps-In-Noise (GIN) test clearly differentiated between the two groups (p<0.001), 
with no overlap of values. The left ear results also differentiated the two groups (p<0.01); however, 
there was a small degree of overlap around 8 msec threshold values. With the exception of the left 
ear inattentiveness index which showed a similar distribution between groups, both impulsivity and 
inattentiveness indexes were higher for the MCIs compared to the control group. 
 Conclusions: The results support central auditory processing evaluation in the elderly population as 
a promising tool to achieve earlier diagnosis of dementia, while identifying central auditory pro-
cessing deficits that can contribute to communication deficits in the MCI patient population.  A meas-
ure of temporal resolution (GIN) may offer an early, albeit indirect measure reflecting left temporal 
cortical thinning associated with the transition between MCI and Alzheimer's disease.  
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Introduction 
 
Mild cognitive impairment (MCI) or mild neurocognitive disorder, as presented in the Diag-
nostic and Statistical Manual of Mental Disorders 5th edition (DSM-5), is diagnosed based on four 
criteria. These criteria include: 1) evidence of modest cognitive decline either as a concern or as a 
measured modest impairment in cognitive performance; 2) absence of interference with independence 
capacity for everyday activities; 3) cognitive deficits do not occur exclusively in the context of a 
delirium; and 4) deficits are not better explained by another mental disorder. MCI may lead to Alz-
heimer’s disease (AD) in 10%-15% of cases. Several studies have documented auditory processing 
  
deficits in MCI, with specific deficits in speech in noise performance among the most often encoun-
tered deficit (Idrizbegovic et al, 2011; Rahman et al, 2011; Quaranta et al, 2015). A higher incidence 
(46.7% as opposed to 4.6%) of central auditory processing disorder (CAPD) was seen in the Fram-
ingham longitudinal population cohort in individuals who subsequently developed AD a decade later 
in life. This finding suggests the potential role of central auditory testing in the early diagnosis of AD 
(Gates et al, 1990). 
A known link between auditory perception and cognition has been shown in studies of pe-
ripheral hearing loss (Lindenberger et al, 2001); however, it is often overlooked when testing for 
cognition (Dupuis et al, 2015). This is an important finding because adults with hearing loss may be 
misdiagnosed with MCI if their hearing loss is not tested prior to the MCI assessment (Jorgensen et 
al, 2016). Moreover, this misdiagnosis could lead to the withholding of hearing aids when fitting with 
hearing aids could actually change their performance on cognitive tests and improve their communi-
cation (Weinstein et al, 1986). Elderly population studies show an independent association between 
peripheral hearing impairment and reduced neurocognitive performance (Gussekloo et al, 2005; Lin, 
2011). Hearing impaired adults have an increased risk of dementia (Gallacher et al, 2012) and accel-
erated rate of cognitive decline (Lin et al, 2013), as well as an accelerated decline in both temporal 
lobe regional volumes and whole brain volume (Lin et al, 2014). The observed association between 
auditory and cognitive deficits may be explained, at least in part, as a result of shared neuropathology, 
although social isolation resulting from hearing loss may also contribute to cognitive decline (Barnes 
et al, 2004; Bennett et al, 2006). 
Speech recognition in competition or noise is typically deficient in Alzheimer's disease (Ili-
adou et al, 2003). Auditory perception is underpinned by hearing sensitivity, as measured by pure 
tone detection on audiometry. However, recognition and understanding of speech in backgrounds of 
noise is highly dependent on additional auditory processing skills that include temporal resolution, 
which is important for phoneme differentiation (e.g., discriminating between voice and voiceless stop 
  
consonants) and prosody skills (Chermak et al, 2005). In addition, perception of speech in competi-
tion and/or noise is dependent on working memory capacity (Ronnberg, 2003; Gatehouse et al, 2006; 
Akeroyd, 2008). Not surprisingly, peripheral hearing loss and central auditory processing deficits 
place increased demands on cognitive processing capacity (McCoy et al, 2005) due to the necessary 
reallocation of brain resources needed to support auditory perception and ‘higher’ level central audi-
tory processes. The relationship seen between auditory and cognitive deficits may be explained, at 
least in part, as a result of shared neuropathology. In addition, social isolation resulting from hearing 
loss may also contribute to cognitive decline (Barnes et al, 2004; Bennett et al, 2006). 
Temporal processes are crucial to a wide range of auditory and auditory-language behaviors 
including rhythm perception, periodicity pitch discrimination, duration discrimination, phoneme dis-
crimination, and segregation of auditory figure and ground (i.e. listening in noise or competition) 
(Chermak & Lee, 2005; Phillips, 2002). Chermak and Musiek (1997) emphasized the role of temporal 
processing across the range of language processing skills, from phonemic, voice-onset time differen-
tiation underlying cognate discrimination (e.g., /b/ v. /p/), to lexical distinctions (e.g., "sub’ ject" v. 
"sub ject’"), temporally cued prosodic distinctions (e.g., "night rate" v. "nitrate"), and resolution of 
ambiguity (e.g., "she saw the snow drift by the window" v. "she saw the snowdrift by the window"). 
Temporal resolution, referring to the ability to perceive time-related changes in ongoing auditory 
stimuli, underlies the discrimination of voiced from unvoiced stop consonants (e.g., Elangovan & 
Stuart, 2008), and is commonly measured clinically using gap detection tests.  The listener is required 
to detect a brief period of silence in an acoustic stimulus. Older adults typically are found to have 
worse gap detection performance with poorer (longer) gap thresholds than younger adults (Murphy, 
Dillon, Schochat, Musiek, Bamiou, 2016 personal communication). Moreover, older adults’ gap du-
ration difference limens increase more rapidly with frequency disparity between the center frequency 
of the leading marker and that of the trailing marker in a between-channel gap detection paradigm, a 
paradigm that represents the temporal cues in speech that involve sounds surrounded by other sounds 
of different spectral characteristics (Lister, Besing, and Koehnke, 2002). Impaired temporal acuity is 
  
reported in the elderly with normal hearing or hearing loss (Moore et al, 1992; Snell et al, 2000; 
Pichora-Fuller et al, 2003). As testing for temporal resolution usually involves rapid motor (Gaps-In-
Noise [GIN]) or verbal (Random Gap Detection Test) responses (Keith, 2000; Musiek et al, 2005), it 
is unclear whether the findings reflect general aging with consequent slowing of responses and/or 
true auditory processing deficits. 
All the above mentioned studies show that the association between hearing and cognition is a 
complex one with both processes influencing one another in a way that is not always predictive. 
Hearing in everyday life extends way beyond hearing sensitivity, as measured by the pure tone audi-
ogram, and auditory processing should be evaluated to complete the picture. Both attention and ex-
ecutive function (i.e. self-regulation required to respond appropriately to instructions) may interfere 
with auditory processing measurement. To minimize these aspects of cognition (attention and exec-
utive function) in the present study, within measurement variables were taken into account.   
The goal of the present study was to examine peripheral (pure tone thresholds) and central 
aspects of auditory perception (temporal resolution and speech recognition in noise) in a group of 
older adults diagnosed with MCI and an age-matched control group. A secondary aim was to examine 
the role of attention by examining participants’ responses to gaps that exceeded their gap thresholds, 
as well as false positive responses (i.e., when gaps are absent) potentially related to behavioral regu-
lation issues.  
 
 
Material & Methods 
Eighteen adults (12 females; 6 males) ranging in age between 51 and 82 years diagnosed with 
MCI participated in the present study. They were recruited from the memory and dementia clinic run 
by author M.T. Eleven participants (6 females and 5 males) ranging in age between 50 and 73 years, 
with no documented cognitive issues or complaints regarding cognition were assigned to the normal 
control group. MCI and control groups were matched for age, sex and average pure tone hearing 
  
thresholds. Specific results may be found in table 1. The average pure tone hearing sensitivity of 
tested frequencies 250Hz, 500Hz, 1000Hz, 2000Hz, 4000Hz, 8000Hz was calculated for each ear 
(right and left).  
MCI participants were examined with an assessment battery, consisting of a semi-structured 
interview (Clinical Dementia Rating - CDR) with a specialist in neurocognitive disorders, a scale for 
depression (Geriatric Depression Scale – GDS), a general medical and neurological examination and 
a neuropsychological assessment (Mini Mental State Examination – MMSE, Montreal Cognitive As-
sessment - MoCA). The diagnosis of MCI was assigned consistent with the DSM-5 criteria for Mild 
Neurocognitive Disorder (see introduction) and the recommendations of the International Working 
Group on Mild Cognitive Impairment (Winblad et al, 2004) specifying MCI criteria as absence of 
dementia diagnosis, evidence of cognitive deterioration substantiated by objective and/or subjective 
self and/or informant report and preservation of daily living activities. Current guidelines focus on 
clinical diagnosis and do not provide specific tests and cut-off criteria for MCI diagnosis. However, 
mean data from recent published papers are used in the clinical setting to further validate diagnosis. 
 The Clinical Dementia Rating (CDR) (Morris, 1993) uses a semi-structured interview to quan-
tify the severity of symptoms of dementia. The subject's cognitive status is rated in 6 domains of 
functioning which include memory, orientation, judgment and problem solving, community affairs, 
home and hobbies, and personal care. The CDR-SB (SB= Sum of Boxes) score is obtained by sum-
ming each of the domain box scores, with scores ranging from 0 to 18. Information is provided by 
both the patient and an informant. MCI scores typically fall (O'Bryant et al, 2010) at a mean of 1.3 
(sd=±1.16), with normal controls scoring at a mean of 0.11 (sd=±0.36). 
The Geriatric Depression Scale (GDS) (Yesavage et al, 1982) is a 30 items depression scale 
requiring  "yes" or "no" patient responses to a series of questions (e.g.,  “Are you basically satisfied 
with your life?; Have you dropped many of your activities and interests?; Do you feel that your life 
is empty?” ). One point is assigned to each answer and the cumulative score is rated on a scoring grid. 
Of the 15 items, 10 indicate the presence of depression when answered positively, while the rest 
  
(question numbers 1, 5, 7, 11, 13) indicate depression when answered negatively. The grid sets a 
range of 0-9 as "normal", 10-19 as "mildly depressed", and 20-30 as "severely depressed”. MCI par-
ticipants were excluded from the study if they scored 10 or higher on the GDS. 
The Mini Mental State Examination (MMSE) (Folstein et al, 1975) is a screening test used to 
assess general cognitive functioning. Areas of functioning assessed include orientation, registration, 
attention, recall, working memory, language, and construction or drawing ability. Possible scores 
range from 0 to 30. Patients diagnosed with MCI typically (O'Bryant et al, 2010) score at a mean of 
27.2 (±2.27), with normal controls scoring at a mean of 28.9 (±1.29). As data of MCI and normal 
controls are so close this screening test is not to be used as a stand alone evaluation for differentiating 
MCI from normal controls. 
The Montreal Cognitive Assessment (MoCA) (Nasreddine et al, 2005) is a newly developed 
cognitive screening instrument, with high sensitivity and specificity for MCI (Popovic et al, 2007; 
Hoops et al, 2009; Pendlebury et al, 2010). The MoCA assesses the following cognitive domains: 
visual spatial abilities, executive functions, short-term memory, attention, concentration, working 
memory, language and orientation. Possible scores range from 0 to 30. MCI patients typically score 
at a mean of 22.1 (sd=±3.1) in contrast to normal controls whose typical score is at 27.4 (sd=2.2).  
All 18 participants were tested on pure tone audiometry, speech recognition in quiet, and cen-
tral auditory processing tests, including the speech in babble (SinB) (Iliadou et al, 2006; Sidiras et al, 
2016) and auditory temporal resolution tests (GIN and RGDT). All tests were administered in a sound 
treated booth. The speech and temporal resolution tests were available on CD, played by a CD player 
through a GSI 61 audiometer and presented over TDH headphones at 60 dB HL. This presentation 
level was chosen in order to assess auditory perception as it relates to everyday average speech levels 
(Ferrand, 2006), as well as for comparison purposes across the two groups. Prior to testing, partici-
pants confirmed that the test sounds were comfortably audible.  
The speech in quiet test was conducted monaurally using lists of 25 bisyllabic words from 
one of the three available phonetically balanced and frequently occurring words in spoken Greek 
  
(Iliadou et al, 2006). Each syllable correctly repeated was scored 2 percentage points.. The central 
auditory processing test battery of the study was chosen on the basis of guidelines of several profes-
sional associations (ASHA, 2005; AAA, 2010; BSA, 2011). It consisted of one verbal (the monaural 
low-redundancy Greek Speech in Babble test-SinB) and two non-verbal tests (RGDT and GIN). Of 
the two temporal resolution tests, the GIN is less cognitively demanding given its motor response 
compared to the RGDT that requires a verbal report that involves counting (one or two tones). Central 
auditory tests were administered in random order. 
The Speech in Babble test (SinB) was developed in the Psychoacoustic Laboratory of the 
Aristotle University of Thessaloniki. It consists of two lists (one for each ear) of 50 phonetically 
balanced disyllabic words and background multitalker babble (Iliadou et al, 2006; Iliadou et al, 2009; 
Sidiras et al, 2016). The test was administered monaurally. Signal to noise ratio (SNR) varied within 
lists. Five SNRs [+7, +5, +3, +1 and -1] were used in a fixed descending order [i.e. starting with the 
easiest listening condition (SNR +7) and finishing with the most difficult listening condition (SNR -
1)] with each SNR applied to ten words in each list. The participant’s task was to repeat the word 
after each presentation. Performance was measured using the basic Spearman-Karber formula: SNR 
of 50% correct speech identification=i+1/2(d)-[(d)x(#corrects)]/w (where i = initial presentation level 
in dB, d= step size, w = number of items per decrement [per step]) (Sidiras et al, 2016; Iliadou, 2013). 
Each participant was tested with a 50 word list in each ear.  
The RGDT (Keith, 2000) followed by the GIN (Musiek et al, 2005; Shinn et al, 2009) were 
administered to all participants at 60dB HL. The RGDT was presented binaurally following success-
ful completion of a practice section. The practice as well as the main section consists of pairs of pure 
tones separated by silent intervals: silent intervals for the practice section start at 0 msec and gradually 
increase to 40 msec. In the main section of the test, the silent intervals are presented in random order 
for each of the following pure tones: 500 Hz, 1000 Hz, 2000 Hz, and 4000 Hz, which are tested in 
sequence. A 4.5 second inter-trial interval is used to allow subjects time to respond. Nine trials are 
presented in the practice section and nine for each of the frequencies tested. Each trial for each pure-
  
tone frequency is presented once with a unique silent interval (i.e. gap). A total of 36 trials are used 
to calculate the overall gap detection threshold. The participant’s task is to report whether one or two 
sounds was heard. The threshold of gap detection is calculated for each frequency tested as the short-
est time interval at which the participant reports perception of two tones. Averaging the gap detection 
threshold of each of the four frequencies tested provides the average gap detection threshold across 
frequencies.  
The GIN was presented monaurally, starting with the practice section for each ear. The prac-
tice test consists of 10 trials with random presentation of varying durations of gaps in white noise. 
The GIN is comprised of four lists with 32 to 36 trials each: list 1 has 35 trials, list 2 has 32, list 3 has 
29, and list 4 contains 36 trials. Each trial consists of 6 seconds of white noise with a 5 second inter-
trial interval. Duration and location of the gaps is varied. The duration of the gaps is 2, 3, 4, 5, 6, 8, 
10, 12, 15, and 20 msec. Each gap occurs six times within each list. Each subject was told that they 
were going to hear noise in which there might be short gaps with no noise, that some gaps would be 
shorter than others, and that in some cases no gaps would be present. The participant was told to 
indicate when they detected a gap by pressing a button. After each ear had been tested, the number 
and percent of correct responses for each gap was calculated. Gap detection threshold was calculated 
as the shortest gap duration detected on at least four out of six gaps. False positives were noted and 
subtracted from the correct responses as follows: total score = (total number of correct responses-
false positives)/the number of trials in the list (29 – 36). 
As noted above, the GIN places low cognitive demands to successfully complete the task and 
therefore provides a more specific measure of temporal processing. As such, this measure was used 
to examine and quantify within test attention and executive skills that might interact with other 
measures. Three variables were derived from the GIN test results: two representing an impulsivity 
index and one an inattentiveness index. The impulsivity indexes were computed as follows:  Impul-
sivity1_Hits=False Hits or false alarms/Correct Hits or true positives and Impulsivity2_To-
tal_Items=False Hits or false alarms/Total items. False alarms refer to those button pressing responses 
  
in instances where no gap is present. The inattentiveness index was computed as the number of gaps 
the participant failed to identify despite the fact that the duration of those gaps exceeded the partici-
pant’s measured gap threshold divided by the total number of items presented above that participant’s 
measured threshold. 
 
Statistical analysis 
All statistical analysis was performed using the statistical package SPSS 22. Data from most 
tests used in the study were non-normally distributed, since not all skewness and kurtosis z values 
ranged between -1.96 and +1.96 (Doane and Seward, 2002; Cramer and Howitt, 2004); therefore, 
non-parametric statistics were used. Both raw and derived variables were analyzed using the Mann-
Whitney test and all correlations were assessed with the Spearman's rho correlation coefficient. Group 
results are provided in table 1. 
 
Results 
Statistical analysis verified no significant differences in age, pure tone audiometric thresholds, 
and speech in quiet, for both right and left ears, between the MCI and normal control groups (Mann-
Whitney test for age U=68.5, p>.05; Mann-Whitney test for pure tone audiometric thresholds for the 
right ear U=67, p>.05 and for the left ear U=85.5, p>.5; Mann-Whitney test for speech in quiet for 
the right ear U=113, p>.5 and for the left ear U=90.5, p>.5). As our data present in two distinct groups, 
we performed the nonparametric Mann–Whitney U test to check for statistically significant differ-
ences between groups (MCI group and normal control group) for each of the three central auditory 
processing tests (RGDT, SinB, and GIN).  
The Mann-Whitney test revealed that the MCI group’s SinB scores were significantly poorer 
than those of normal controls (figure 1) for both ears (median=.9 and .6 for right and left ears, respec-
tively for MCI; median=.0 for both ears for normal controls; U=48.0 and U=50.5, both p<.05 for right 
and left ears, respectively). The MCI group’s temporal resolution as measured by RGDT was poorer 
  
(figure 2) than the normal controls (median=35.8 vs median=12.5 for MCI and normal group, respec-
tively; U=30.0, p<.005). The same finding was seen for GIN threshold scores (figure 3) for both ears 
(median=10 and 11 for right and left ears, respectively for MCI; median=8 for both ears for normal 
controls; U=12.5 and U=23.0, both p<.001 and p<.01 for right and left ears, respectively). Pure tone 
audiometry, speech in quiet, age and auditory processing evaluation results are shown in table 1 for 
the MCI and control groups, as well as for a subgroup of the MCI and control groups exhibiting pure 
tone audiometric thresholds of 25 dB HL or better for both right and left ears. 
With the exception of the left ear inattentiveness index (Inattentiveness right ear U=144, 
p=0.001), which showed a similar distribution of results between groups, both impulsivity and inat-
tentiveness indexes were higher for the MCI as compared to the control group (right ear U=149, 
p=0.001, left ear U=137.5, p=0.004). When statistics were run for all participants collapsed across 
both groups, correlations between GIN Impulsivity and Inattentiveness indexes and SinBRE were 
statistically significant (r=0.496, p=0.009 for Impulsivity right ear results; r=0.413, p=0.036 for Inat-
tentiveness right ear results). When statistics were run only for participants with PTA≦25dB HL, 
RGDT and GIN right ear thresholds correlated for both groups (r=0.6, p=0.01).  
 
 
Discussion  
The findings of the present study demonstrate the poorer speech recognition in babble perfor-
mance of patients diagnosed with MCI compared to age-matched normal controls, which is consistent 
with other published reports (Idrizbegovic et al, 2011; Gates et al, 2002) showing similar effects in 
population approach studies. Of interest, the two derived measures to estimate auditory attention and 
executive function (inattentiveness and impulsivity) within task performance also revealed more im-
paired performance in the MCI group in most measures with the exception of the left ear inattentive-
ness index relative to the GIN results in which similar distributions were seen between groups. These 
  
results highlight the complicated interaction between auditory processing and attention. Correlation 
of these two derived measures with SinB performance was evident when collapsing data across both 
groups but not when isolating MCI group results. This suggests that the observed correlation is a 
function of age rather than related to MCI characteristics. To our knowledge, these are novel findings 
that may help us understand the interplay of cognition, auditory processing and aging in individuals 
diagnosed with MCI.  
Everyday listening is known to deteriorate with age (Sheft et al, 2015) and has been linked to 
a declines in a number of domains, including hearing sensitivity, which reflects peripheral hearing 
(Jerger et al, 1989), central auditory processing due to changes in the central auditory nervous system 
(Gates et al, 1995), cognition, and/or to a multifactorial central presbycusis incorporating peripheral 
and central auditory function, as well as general aging decline (Humes et al, 2012). In the present 
study, hearing sensitivity (i.e., degree of hearing loss) was comparable across the MCI and the normal 
control group; however, speech recognition in babble was poorer in the MCI group. These findings 
do not identify the source(s) of the two groups’ performance, leaving unanswered whether a central 
auditory deficit or a general/global cognitive deficit underlies the two group’s auditory performance. 
The MCI group’s greater impulsivity of responses during GIN testing reflects a cognitive contributing 
factor that did not seem to correlate with the MCI group’s speech in babble performance. This sug-
gests that despite the GIN's low cognitive load compared to other temporal measurements (e.g., 
RGAP), cognitive load might still be sufficient to influence results near-threshold. The inattentive-
ness index differentiated between MCI and control groups only for right ear responses. This ear spe-
cific finding suggests an auditory processing domain effect or a connectivity issue among auditory, 
attention and executive areas of the brain.  
The present study provides further evidence that the decline in peripheral hearing sensitivity 
cannot be solely responsible for the speech recognition in babble perceptual difficulties exhibited by 
the MCI group. In a population longitudinal study of dementia and aging, Gates, Anderson, McCurry, 
Feeney and Larson (2011) verified that deficits in central auditory processing (as assessed on the 
  
basis of a speech-based test battery of dichotic tests and monaural speech in competition tests) appear 
to be a precursor of Alzheimer's disease, at least in a subgroup of patients. This dementia study as-
sessed risk factors for developing Alzheimer's disease in patients who were not diagnosed with MCI. 
Gates et al. (2011) argued that cortical areas neurodegeneration may be reflected on central auditory 
processing testing at an earlier stage than cognitive screening tests and, consequently, central auditory 
processing evaluation may be a valuable screening tool for dementia and assist in earlier diagnosis 
and treatment. A previous study by Gates, Beiser, Rees, D'Agostino and Wolf (2002) reported that 
46.7% of an elderly population diagnosed with CAPD developed Alzheimer's disease 5.1 to 7.9 years 
later. An interesting finding of the Gates study was that the poorer the speech in noise/competition 
recognition abilities, the shorter the period from auditory processing evaluation to Alzheimer's diag-
nosis, possibly revealing a gradual deterioration of speech perception. This finding suggests the im-
portance of early detection of a central auditory processing disorder, which, if managed may have a 
positive impact on the patient with dementia’s communication deficits.  Unilateral perceptual deficits 
of speech recognition in noise/competition also were evident in Gates et al. (2002). Both studies by 
Gates et al. (2002; 2011) focused on the possibility of using central auditory processing evaluation as 
an index to detect elderly who are at a higher risk for developing cognitive decline. The question 
remained which central auditory processing test would be most effective for that screening. The re-
sults of the present study on two types of central auditory processing tests (speech in babble and 
temporal resolution) may offer some insights as to which measures might best screen for the early 
identification of cognitive decline. 
Speech in babble perceptual ability is driven by bottom-up mechanisms of separating fre-
quency and intensity spectrums of the target speech stimuli, as well as top-down mechanisms of se-
lecting the speech target out of the competing babble as an auditory object in the process of auditory 
scene analysis (Griffiths and Warren, 2015; Spyridakou and Bamiou, 2015). Temporal resolution is 
defined as the shortest time period over which discrimination of two signals takes place during per-
ception of auditory stimuli. This auditory processing ability to discriminate rapid stimulus changes is 
  
essential to receptive language skills and communication and has been shown to be impaired in older 
adults with aging rather than hearing loss indicated as the contributing factor (Humes et al, 2012; 
Iliadou et al, 2014). The deteriorating age effect observed in this study on the GIN was also reported 
by Murphy, Dillon, Schochat, Musiek, Bamiou (2016 personal communication) who examined adults 
similar in age (71-85) to those of the present study with no cognitive, psychological or neurological 
issues and with symmetrical (<10dB ear threshold difference for each tested frequency) and presby-
cusis not exceeding 40 dB HL per each octave frequency from 250 to 8000Hz. Murphy, Dillon, 
Schochat, Musiek, Bamiou (2016 personal communication) obtained GIN  thresholds  of  8.19ms 
±3.5 (age group 61-70) and 11.47ms±4.86. 
The results of the present study show that both temporal resolution tests (GIN and RGDT) 
were efficient in differentiating the MCI group from the age matched normal control group, although 
the gap detection thresholds obtained using the GIN were shorter than those obtained for the RGDT, 
a finding seen in other clinical populations, including children with CAPD  and first episode psycho-
sis patients (Iliadou et al, 2014). This difference in gap thresholds is related to the differences in the 
two tests’ stimuli and procedures (Chermak et al, 2005), rather than due to the characteristics of the 
MCI group or the elderly population in general. The MCI group’s longer gap detection thresholds 
may contribute to their poorer speech in babble scores. While both the GIN and the RGDT differen-
tiated the two groups, the monaural administration feature of the GIN allows one to examine possible 
ear differences, which could assist in differential diagnosis and determining the underlying source of 
MCI patients’ deficits (e.g., cognitive v. auditory sources). .  
In the present study, even though both ear results were different across the two groups (MCI 
vs Normal Controls), the right ear gap detection thresholds showed a clear cut differentiation between 
the two groups and no overlap of values, whereas the left ear results while still differentiating the two 
groups exhibited a small degree of overlap around 8msec threshold values. While this right ear effect 
must be interpreted with caution and studied more extensively with a larger group of MCI patients, 
the present authors speculate that it might be linked to a left hemisphere auditory processing deficit 
  
which would be consistent with Singh et al.’s (2006) report showing enhanced cortical thinning in 
the left hemisphere in MCI and Alzheimer patients. The cortical thinning was not limited to the tem-
poral lobe involving the medial temporal lobe together with regions of the frontal and parietal cortices 
with decreased thickness documented when comparing healthy elderly brains with patients diagnosed 
with MCI. This general left hemisphere cortical thinning may explain the right, but not left ear inat-
tentiveness derived score differences between MCI and control groups in the present study. In com-
paring MCI and Alzheimer's disease, the trend of a significant thinning extending into the lateral 
temporal lobe (especially seen in the left hemisphere) in the context of general cortical thinning has 
been evident (Singh et al, 2006). The present behavioral results may allow inferences about the more 
pronounced left (versus right) temporal cortical thinning in MCI patients, illustrating the promise of 
auditory temporal processing evaluation in the early diagnosis of dementia. Indeed, Gates et al. (2011) 
proposed screening older adults with hearing or listening in noise complaints as part of the evaluation 
for developing dementia; however, they did not measure temporal resolution in their study. 
 
 
 
 
Summary and Conclusions  
The present study demonstrates that measures of temporal resolution (in particular the GIN 
which provides for interaural comparisons) may be used not only to screen for CAPD in the elderly 
population, but to provide indirect evidence of hemispheric functionality through ear asymmetries in 
gap detection thresholds results. The patients with MCI participating in this study were able to suc-
cessfully follow instructions and complete a brief auditory processing evaluation of speech recogni-
tion in babble and temporal resolution. Poorer auditory processing performance was evident in all 
tests administered to the MCI group when compared with an age matched normal control group, as 
  
were most of the within auditory task derived cognitive performance indexes. The GIN right ear gap 
detection thresholds exhibited greater deterioration for the MCI group vs the normal controls. This 
difference may be an indirect, early sign of the enhanced cortical thinning of the left temporal lobe 
demonstrated in the progression of the MCI to Alzheimer's disease. The results of the present study 
lends support to proposals (Gates et al, 2002; Gates et al, 2011) to include central auditory processing 
evaluation in the elderly population as a promising tool to potentially achieve earlier diagnosis of 
dementia. These results also demonstrate the potential value of GIN as an indirect screen of early, 
left temporal cortical thinning associated with the transition between MCI and Alzheimer's disease. 
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